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Mosquito densoviruses generally establish persistent infections in mosquito cell lines including the C6/36 Aedes albopictus cell line. In
contrast, the closely related Haemagogus equinus densovirus (HeDNV) causes dramatic cytopathic effects in the C6/36 Aedes albopictus cell
line. Infection of C6/36 cells by HeDNV causes internucleosomal fragmentation of host chromosomal DNA, changes in cellular morphology
(membrane budding, apoptotic bodies), caspase activation and exposure of phosphatidylserine on the cellular membrane. This is
accompanied by a higher rate of infection and more vigorous production of virus in these cells. These observations are consistent with the
induction of apoptosis during infection.
In contrast, expression of AeDNV proteins in C6/36 cells does not cause obvious cytopathic effects although NS1 expression causes
accumulation of cells in G2 phase. C6/36 cells persistently infected with AeDNV were not protected from superinfection with HeDNV. Thus,
there does not seem to be an antiviral state induced by AeDNV persistent infection.
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The majority of mosquito densoviruses belong to the
genus Brevidensovirus in the subfamily Densovirinae
within the family Parvoviridae (Afanasiev and Carlson,
2001). The genomes of brevidensoviruses are linear single-
stranded DNA of around 4000 nucleotides in length. The
strand with the minus-sense polarity is predominately
packaged within 20 nm non-enveloped, icosahedral capsids.
The genes for the nonstructural proteins NS1 and NS2 are
located in the leftward portion of the genome and the capsid
protein VP is encoded in the rightward portion. Breviden-
soviruses have unique non-coding terminal palindromic
hairpin loops that are required in cis for DNA replication
and possibly for encapsidation (Afanasiev et al., 1991). The
prototype brevidensovirus, the Aedes aegypti densonucleo-0042-6822/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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mosquito colony in Kiev, Ukraine (Buchatsky, 1989).
A number of mosquito densoviruses have been isolated
from persistently infected mosquito cell lines that show no
obvious signs of infection (Boublik et al., 1994; Chen et al.,
2004; O’Neill et al., 1995). These cell lines are often used to
screen mosquito field collections for arboviruses and can
easily become contaminated as a result of inoculation with
mosquito materials. For example, three different densovi-
ruses have been isolated from persistently infected C6/36
Aedes albopictus cells: AaPV in France (Boublik et al.,
1994), C6/36 DNV in China (Chen et al., 2004) and
APeDNV in Peru (our unpublished results). These viruses
differ in sequence enough that it is highly unlikely that they
evolved from a single contamination event (Table 1). Work
in our laboratory has shown that AeDNV also establishes
persistent infections in C6/36 cells (Afanasiev et al., 1994),
which can result in accumulation of substantial quantities of
virus (Suchman and Carlson, 2004). In dramatic contrast,
infection of the C6/36 cell line with HeDNV, a densovirus05) 253 – 261
Table 1
% Sequence identity among densovirus sequences
AeDNV C6/36 DNV HeDNV APeDNV AaPV
AeDNV –
C6/36 DNV 88.5 –
HeDNV 80.2 80.2 –
APeDNV 80.8 80.3 97.2 –
AaPV 80.7 79 96 95.1 –
The complete sequences from Genbank (accession numbers are shown in
parentheses) for AeDNV(M37899), C6/36 DNV(AY095351), HeDNV
(AY605055), APeDNV(AY310877) and AaPV(X74945) were aligned by
Clustal W and analyzed for % sequence identity by the MegAlign program
of LaserGene (DNASTAR, Inc. Madison, WI, USA).
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12 (O’Neill et al., 1995), resulted in complete destruction of
the cell monolayer 4 to 6 days post-infection.
Apoptosis, a type of programmed cell death (PCD), has
been shown to be a key process in normal cellular/tissue
development and maintenance (Jacobson et al., 2002; Kerr
et al., 1972; Majno and Joris, 1995; Trump and Berezesky,
1998). It is known that proteins of some viruses promote
the evasion or inhibition of apoptosis (Clem, 1997;
Henderson et al., 1993; Rao et al., 1997; Zhirnov et al.,
2002), while others induce this process (Frolov and
Schlesinger, 1994; Koyama et al., 2003; Muthumani et
al., 2003). Virus-induced apoptosis has been described for
mammalian parvoviruses (Anouja et al., 1997; Corbau et
al., 2000; Daeffler et al., 2003; Moffett et al., 1998;
Ohshima et al., 1998; Sol et al., 1999) and apoptosis is
necessary for the replication of at least one of them (Best
et al., 2002, 2003). Here, we show that the mosquito
brevidensovirus HeDNV induces apoptosis in C6/36
mosquito cells.Fig. 1. AeDNV and APeDNV establish persistent infections in C6/36 cells.
C6/36 cells were infected with either AeDNV or APeDNV, grown to
confluence and split (1:10) at each passage. Aliquots of cells were analyzed
by IFA at each passage to determine the percentage of antigen-positive
cells. The numbers are a mean of the percentage of positive cells counted
from several microscope fields. The standard deviation was generally about
50% of the mean value shown.Results
When C6/36 cells are infected with AeDNVor APeDNV,
it is impossible to distinguish them from uninfected cells
without a diagnostic tool such as IFA with antibody to viral
proteins. Persistently infected cells can be maintained for at
least 8 passages without much change in the fraction of cells
that express viral antigen. The average fraction of cells that
show antigen production is different for AeDNV (0.5–3%)
and APeDNV (4–10%) was consistent throughout the
experiment (Fig. 1). The reason for this difference is not
known. HeDNV, on the other hand, causes an acute
cytopathic infection with dramatic, generalized cell killing
in C6/36 cells. Fig. 2 shows an IFA with antibody to the
viral capsids of control cells (Fig. 2A), AeDNV-infected
cells (Fig. 2B) and HeDNV-infected cells (Fig. 2C) 2 days
post-infection. Although fewer HeDNV-infected cells
remain attached, HeDNV has an infection rate of at least
94% compared to around 6% for AeDNV in the fields
shown.Considering the high IFA staining frequency of HeDNV
in C6/36 cells, the cytotoxicity could potentially be related
to overall virus production. One-step growth curves were
performed by quantitating virus in the supernatants of C6/36
cells infected with the same multiplicity of infection by
AeDNV, APeDNV or HeDNV via real-time quantitative
PCR (Fig. 3). HeDNV produced virus at a much faster rate
initially than the other two viruses. Between 3 and 4 days
HeDNV production begins to level off, probably because of
the destruction of the cells. APeDNV and AeDNV continue
to produce virus, albeit at much lower rates, as might be
expected for persistent infections.
When untreated control cells (Fig. 4A) and HeDNV-
infected cells (Fig. 4B) were stained by the Giemsa staining
procedure, the HeDNV-infected cells clearly demonstrated
the presence of cellular budding (black arrow) and apoptotic
bodies (white arrows), which are membrane-bound vesicles
containing intact cellular organelles. These are phenomena
(Willingham, 1999) associated with an apoptotic mechanism
of cell death.
When cells begin the apoptotic pathway, their chromatin
condenses to form clumps that can be easily observed by
fluorescence microscopy after staining with a nuclear stain
such as DAPI, Hoechst 33258 or Hoechst 33342 (Willing-
ham, 1999). Chromatin in uninfected C6/36 cells (data not
shown) and AeDNV-infected cells (Fig. 4C) stains with
DAPI in a uniform diffuse manner, whereas DAPI-treated
HeDNV-infected cells clearly exhibit chromatin clumping
suggesting the apoptotic pathway (Fig. 4D). Staining with
Hoechst dyes gave similar results (data not shown).
Another hallmark of apoptosis is endonucleolytic cleav-
age of genomic DNA into oligonucleosomal fragments at
internucleosomal sites. It is caused by non-specific, Ca2+-
dependent endonucleases cutting at sites between nucleo-
Fig. 3. Single-step growth curves. To obtain single step growth curves of
the viruses, the cells were infected with 1.3  1011 genome equivalents of
each respective virus, washed 1 and replaced with fresh medium after 1 h.
50 Al aliquots of medium were taken from each flask at appropriate time
intervals, centrifuged at 16,000  g for 5 min in an Eppendorf centrifuge to
remove unlysed cells and cell debris. The supernatants were frozen at 20
-C until all time points were collected. The virus concentrations were
determined by quantitative PCR as described in Materials and methods.
Fig. 2. Immunofluorescence assay of AeDNV- and HeDNV-infected cells.
Indirect fluorescent antibody (IFA) assay of (A) uninfected (B) AeDNV-
infected and (C) HeDNV-infected cells. The polyclonal primary antibody
was raised against AeDNV and is specific for brevidensovirus capsid
protein. Cells were counterstained with Evans blue (1/1000—red fluo-
rescence) to better visualize all cells in the field.
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an octomeric histone core (Sikorska and Walker, 1998).
After agarose gel electrophoresis of the low molecular
weight DNA from HeDNV-infected cells prepared by the
Hirt extraction procedure (Afanasiev et al., 1999; Hirt,
1967), DNA laddering was observed (Fig. 5A). This
supports an apoptotic mechanism (Wyllie, 1992). No visible
laddering was observed in AeDNV-infected (Fig. 5B) or
uninfected C6/36 cells (Fig. 5C).
In the apoptotic pathway, inactive caspase 3 pro-enzymes
are converted to their active forms (Zimmermann et al.,
2001). The PhiPhilux fluorogenic caspase assay was used to
detect caspase 3-like enzymes in mosquito cells. ThePhiPhilux caspase assay uses a peptide substrate that
contains a caspase cleavage site sequence DEVDGI with
two fluorophores covalently-linked to the peptide on either
side of the cleavage sequence. The two moieties quench
each other to prevent fluorescence, but after caspase
cleavage, fluorescence is observed. Fig. 6A shows bright
field and fluorescent micrographs of cells incubated in
PhiPhilux after AeDNV infection (Figs. 6A1 and A4),
HeDNV infection (Figs. 6A2 and A5) or CuS04 treatment
(Figs. 6A3 and A6). Cupric sulfate treatment was used as a
positive control for apoptosis in our C6/36 cell culture
because it has been previously shown to induce apoptosis in
these cells (Raes et al., 2000), and as expected, the majority
were fluorescent. Although fewer cells were present in the
HeDNV-infected assay when compared to AeDNV-infected
or CuSO4-treated, clearly the majority of the HeDNV-
infected cells fluoresced. In the AeDNV-infected cell assay,
only a small percentage of cells was fluorescent. An
untreated control was similar to the AeDNV-infected cells
(not shown).
In apoptotic cells, phosphatidylserine, which is normally
on the cytoplasmic side of the cell membrane, becomes
externalized. A fluorescent annexin assay was used to
observe the externalization of phosphatidylserine to the
outer plasma membrane leaflet after HeDNV infection (van
Engeland et al., 1998). Since phosphatidylserine will be
externalized on the outer leaflet of early apoptotic, late
apoptotic and necrotic cells, all apoptotic and necrotic cells
should bind fluorescent annexin V-FITC. Propidium iodide
(PI) is used as a secondary stain to determine the percentage
of late apoptotic or necrotic cells in the population. The
majority of cells that stain with PI should also stain with the
annexin V-FITC conjugate. However, early apoptotic cells
will stain with the annexin V-FITC conjugate but not PI due
to dye exclusion by ‘‘viable’’ cells. We performed the
Annexin V-FITC apoptosis assay on adhered cells (Fig. 6B).
Fig. 4. Morphology of HeDNV-infected cells. Giemsa staining of untreated control (A) and HeDNV-infected (B) C6/36 Aedes albopictus mosquito cells shows
cellular budding (black arrow) and apoptotic bodies (white arrows) in the infected cells. DAPI staining of AeDNV-infected (C) and HeDNV-infected (D) C6/36
cells shows chromatin clumping in the HeDNV-infected cells, characteristic of apoptotic cells. The C6/36 cells in both the Giemsa and DAPI procedures were
infected with 2.15  1010 gEq/ml of HeDNV.
A. Paterson et al. / Virology 337 (2005) 253–261256On day two post-treatment, cells were examined by
fluorescence microscopy. The untreated control cells had
very few green (Fig. 6B1) or red (Fig. 6B4) fluorescing
cells; similar results were observed with AeDNV-infected
cells (Figs. 6B2 and B5). However, the majority of cells
infected with HeDNV that remained adherent fluoresced
green (Fig. 6B3) and half of these (10 of 20) fluoresced red
(Fig. 6B6). The CuSO4-treated cells (Figs. 6B7–9) had a
much lower fraction (1.7%) of green fluorescent cells that
also fluoresced red, which suggests that apoptosis proceeds
more slowly in response to this treatment than to HeDNV
infection. To address the specificity of the FITC-conjugate,
we pre-treated cells exposed to virus or cupric sulfate with a
purified, recombinant annexin protein devoid of the FITC
fluorophore, washed them with PBS, and then added the
annexin V-FITC conjugate. None of the cells fluoresced
thus demonstrating the specificity of the FITC conjugate
(data not shown). These results are consistent with our other
findings and support an apoptotic mechanism of cell death.
Do the cells that produce antigen in persistently infected
C6/36 cultures undergo apoptosis similar to cells infected
with HeDNV? A recent study by Burivong et al. (2004)
indicated that AalDNV-infected C6/36 cells went through anFig. 5. Laddering of chromosomal DNA in HeDNV infected cells. Low molecular w
1967) from HeDNV infected (A), AeDNV-infected (B) and uninfected (C) C6/36
infected cells.initial phase during which 80–90% of cells produced viral
antigen but did not lyse. Subsequently, a persistently
infected culture in which around 20% of the cells produced
antigen was established. These cells did not show cytopa-
thology and were indistinguishable from uninfected cells by
phase contrast microscopy. Although a pure population of
live AeDNV antigen-expressing cells cannot be isolated
from a persistently infected culture because of the small
proportion of the cells in culture, it is possible to express
AeDNV-encoded proteins to see if they induce apoptosis.
We have previously constructed a recombinant viral trans-
ducing genome pANS1-GFP based on pUCA, the infectious
AeDNV clone, in which the gene for the green fluorescent
protein is fused to the 3V end of the NS1 gene and thereby
replaces the gene for the structural proteins (Afanasiev et al.,
1999). When transfected into C6/36 cells, this construct
expresses an NS1–GFP fusion protein and the NS2 protein
but no virus structural proteins. The NS1–GFP fusion
protein has most or all of the functions of normal NS1
(Afanasiev et al., 1999; Allen-Miura et al., 1999). GFP
expression interferes with the fluorescence assays used
above, but cells transfected with this construct were
subjected to flow cytometry to detect GFP and propidiumeight DNAwas isolated by the method of Hirt (Afanasiev et al., 1999; Hirt,
cells. The 4 kb viral replicative form monomer (RF) is indicated in HeDNV
Fig. 6. Caspase and annexin assays indicate apoptosis in HeDNV infected cells. (A) The fluorogenic PhiPhiLux caspase/apoptosis assay detects caspase 3-like
activity in living cells. C6/36 cells at approximately 20% confluence were infected with 2.2  107 genome equivalents of AeDNV (1, 4), 2.2  107 genome
equivalents of HeDNV (2, 5) or treated with 10 AM CuSO4 final concentration (3, 6). The same fields of view are shown using bright field (top frames 1–3)
and fluorescent microscopy (bottom frames, 4–6) on day 3 post-treatment after incubation with PhiPhilux substrate for 60 min at 28 -C followed by 6 washes
with PBS. Cells exhibiting green fluorescence have active caspase enzymes, characteristic of the apoptotic process. Cupric sulfate has been shown to induce
apoptosis in C6/36 cells and served as our positive control. (B) Annexin V-FITC apoptosis assay of adhered C6/36 cells. Cells were infected or treated with
CuSO4 as described in A. On day two post-treatment, they were incubated with annexin V-FITC and propidium iodide (PI) and visualized by fluorescent
microscopy in the same field of view. Cells that have externalized phosphatidylserine were detected by an annexin V-FITC conjugate and cells with
compromised plasma membranes were detected by PI fluorescence. The untreated control (1, 4), AeDNV-infected (2, 5) and HeDNV-infected (3, 6) cells are
shown with their respective FITC filtered frames (1–3) and Texas red filtered frames (4–6). CuSO4-treated cells are shown in frames 7 (brightfield), 8- FITC
(annexin V-FITC) and 9—Texas red (propidium iodide).
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Cells that did not express GFP showed a typical profile of
growing C6/36 cells with the majority of cells in the G1
phase of the cell cycle (Fig. 7A). In contrast, the cells that
expressed the NS1-GFP protein had a distribution in which
most of the cells were accumulated in S and G2 phase (Fig.
7B). The GFP-expressing cells did not appear to be
undergoing apoptosis since there is no indication of
hypodiploid DNA content, and DNA isolated from GFP-
expressing cells did not show extensive oligonucleosomal
laddering indicative of apoptosis (data not shown). Thus,
expression of the AeDNV nonstructural proteins alters the
cell cycle but does not seem to cause the cytopathic effects
associated with apoptosis. Similar observations have been
reported after expression of MVM NS1 in mammalian cells
(Op De Beeck and Caillet-Fauquet, 1997). C6/36 cells have
also been stably transformed with a plasmid that constitu-
tively expresses the AeDNV VP gene (data not shown).
These cells do not exhibit cytopathic effects associated with
apoptosis.
Since only a small percentage of cells produce antigen
in AeDNV-infected C6/36 cells, are the rest of the cells
resistant to densoviruses as a result of establishment of
an antiviral state or immunity to superinfection? An
AeDNV-infected culture of C6/36 cells was established
and after four passages of the cells was challenged with
HeDNV. The AeDNV persistently infected culture
showed the same cytopathic effects as seen in naive
C6/36 cells after infection with HeDNV (data not
shown). Thus, persistent infection with one densovirus
does not prevent apoptosis or confer immunity to
superinfection by other densoviruses.Fig. 7. Cell cycle analysis of C6/36 cells transfected with pANS1-GFP. C6/
36 cells were transfected with p7NS1-GFP, fixed and analyzed by FACS as
described in Materials and methods. DNA content (PI fluorescence) is
shown on the x axis and cell number is shown on the y axis for GFP-
negative and GFP-positive cells in A and B, respectively. The relative
positions of cells in G1, S and G2 are indicated.Discussion
Mosquito densonucleosis viruses generally cause persis-
tent infections in mosquito cell lines and are difficult to
detect except by immunoassay for antigen production or
PCR. Around 1% of C6/36 cells persistently infected with
AeDNV produced antigen, while 5–10% of cells infected
with APeDNV produced virus. In a recent report on
infection of C6/36 cells with AalDNV, Burivong et al.
(2004) found that although 80–90% of the cells produced
antigen during the early stages of infection, the cells were
not lysed and the percentage of cells that produced antigen
gradually decreased to around 20% and remained around
that level for a number of passages. The persistently infected
cultures were indistinguishable from uninfected cultures
similar to our AeDNV and APeDNV infected cultures. The
mechanism(s) by which the characteristic fraction of
antigen-positive cells is maintained in persistently infected
cultures can only be speculated at this time. The production
of defective interfering particles has been suggested as a
possible mechanism (Burivong et al., 2004), but that seems
unlikely for the viruses examined in this work, since the
preparations of AeDNV and APeDNV were produced by
transfection of cells with infectious clones of the viral
genomes, and the characteristic persistent levels of infection
are established a few days after transfection. Cells infected
with virus from these transfections show the same character-
istic low levels of antigen-producing cells. It seems unlikely
that defective genomes would be generated in significant
numbers during the short course of virus production in these
experiments. The fact that C6/36 cells persistently infected
with AeDNV were susceptible to HeDNV superinfection
also argues against AeDNV-derived defective interfering
particles as the mechanism for maintaining persistence. It is
likely that both viruses use the same cellular machinery for
replication and defective interfering genomes would be
expected to interfere with HeDNV infections as well. The
susceptibility to superinfection also argues against the
establishment of an antiviral or immune state that protects
majority of cells against densovirus infection.
HeDNV is unique among these viruses because of its
cytopathic effects in C6/36 cells. Unlike AeDNV and
APeDNV, it infects almost 100% of C6/36 cells and causes
cell death and destruction of the monolayer. The initial rate of
infection of HeDNV is similar to that described for AalDNV,
but the outcome of the infection is very different since
AalDNV-infected cells survive. HeDNV also demonstrated
more vigorous growth than either AeDNV or APeDNV in
single step growth experiments. Several morphological and
biochemical assays were used to demonstrate that this
vigorous growth is accompanied by apoptosis in HeDNV
infected cells. Results of experiments show internucleosomal
fragmentation of host chromosomal DNA, membrane bud-
ding, apoptotic bodies, chromatin clumping, caspase activa-
tion and exposure of phosphatidylserine on the outer cellular
membrane consistent with apoptosis.
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mammalian parvoviruses has been shown to involve the
NS1 proteins encoded by the leftward portion of the viral
genomes, but their role seems to vary with the virus and the
host cell. All NS1 proteins, including those of the
brevidensoviruses, possess putative nuclear localization
signals, NTP binding sites and helicase domains. Expression
of the NS1 protein of human parvovirus B19 induced
apoptosis (Moffett et al., 1998; Sol et al., 1999). The
disruption of the NTP-binding domain of the B19 NS1
impaired apoptosis and cytotoxicity was abolished (Moffett
et al., 1998). For MVM, the situation is more complex and
may vary with the cell type. NS1 expression causes cell
cycle arrest and accumulation in G2 but does not necessarily
induce apoptosis (Op De Beeck and Caillet-Fauquet, 1997).
Phosphorylation of NS1 seems to be an important modulator
of apoptosis during infection and mutagenesis of specific
phosphorylation sites of the NS1 protein of MVM resulted
in either increased or reduced cytopathogenicity depending
on the site. However, viral gene expression was normal and
viral progeny were produced during the infections (Anouja
et al., 1997; Corbau et al., 2000; Daeffler et al., 2003).
Apoptosis is required for efficient infection by the Aleutian
disease of mink parvovirus (Best et al., 2002, 2003), since
caspase activation was found to be required for nuclear
localization of NS1. Two caspase cleavage sites in the NS1
protein were identified and mutations in either decreased
replication 103- to 104-fold compared to wild-type virus.
The relationship between densovirus NS1 proteins and
induction of apoptosis in C6/36 cells is unclear. Although
the predicted NS1 proteins of HeDNV and APeDNV differ
in only 19 out of 790 amino acids, the infection phenotypes
of the two viruses are dramatically different. Which if any of
the amino acid differences are responsible for the difference
in phenotype is unknown. It is difficult to determine whether
the low percentage of cells that produce viral antigen in
persistently infected cultures undergo apoptosis. An
AeDNV-based transducing genome that expresses an
NS1–GFP fusion protein resulted in accumulation of cells
in G2 phase but did not result in obvious morphological
changes or extensive DNA laddering characteristic of
apoptosis. However, it is difficult to unequivocally rule
out a low level of apoptosis in those cells. Analysis of
chimeric viruses constructed from AeDNV and APeDNV
infectious clones suggests that a difference in NS2 is at least
partially responsible for the difference in growth character-
istics between the two viruses in C6/36 cells (manuscript in
preparation). Thus, either or perhaps both of the non-
structural proteins may play a role in infection phenotypes,
and it is likely that both virus and host cell determinants
contribute to the growth and cytopathic characteristics of
densoviruses. It is of interest that in spite of the more
cytopathic phenotype seen for HeDNV compared to
AeDNV in C6/36 cells, AeDNV is significantly more
pathogenic to Aedes aegypti mosquitoes than HeDNV
(Ledermann et al., 2004).Materials and methods
Virus maintenance and isolation
HeDNV was passed in Aedes albopictus C6/36 cells
grown at 28 -C in Leibovitz’s L-15 medium supplemented
with 10% fetal bovine serum and 1% penicillin–strepto-
mycin solution. For preparations of virus stocks, the cells
were seeded at about 60% confluency in 25 cm2 tissue
culture flasks and were either infected with HeDNV or
transfected with pUCA or pUCP, the infectious clones of
AeDNV and APeDNV (Afanasiev et al., 1994; APeDNV in
preparation), respectively, using the protocol for transient or
stable transfection of adherent cells with the Effectene
reagent (Qiagen Corp.). On the third day post-transfection,
the cells were lysed by freezing and thawing (three times).
The lysate was cleared of cell debris by centrifugation at
3000  g and the virus particles were pelleted with a
Beckman L7 ultracentrifuge using an SW 41 Ti rotor at
32 000 rpm for 2 h. The pellets were resuspended in 1 ml
of H2O, sterilized by filtration through 0.2 Am filters and
kept at 4 -C.
Quantification of the concentration of viruses
The concentration of the viruses was determined by
quantitative real time PCR using a TaqMan probe. (Forward
primer5VCATACTACACATTCGTCCTCCACAA3V; reverse
primer 5VCTTGGTGATTCTGGTTCTGACTCTT3V; probe
5VFAM-CCAGGGCCAAGCAAGCGCC-TAMRA3V). The
primers and probe will bind to DNA from AeDNV,APeDNV
and HeDNV. DNA from all viral preparations used for
quantification with real-time PCR was purified using
QIAamp DNA blood Mini Kit (Qiagen). An ABI 7700
(Applied Biosystem) thermocycler/fluorescence reader and
Brilliant Quantitative PCR Core Reagent Kit (Stratagene)
were used according to manufacturer’s protocols. A linear
response in quantification of the viral DNA concentration
was obtained when the viral samples were diluted 1000- to
10,000-fold. Standard curves were constructed using a
series of 10-fold dilutions of pUCA or pUCP. Each
measurement was done in triplicate. The conversion of
concentration of viral DNA from weight into number of
genomes was made based on assumption that 1 Ag of
infectious clone is equivalent to 1.34  1011 genomes
of AeDNV or APeDNV.
HeDNV and CuSO4 cytopathic effect titrations
C6/36 cells were incubated 3 days with 10-fold dilutions
of CuSO4. At dilutions below 10 nM the cells looked
normal at 3 days post-treatment. HeDNV-attributed CPE
was observed down to a concentration of 1.12  108
genome equivalents/ml at 3 days post-infection. These
titrations aided us with finding a suitable concentration for
these agents in the apoptosis experiments.
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C6/36 cells were seeded on 18 mm circular cover slips,
placed within a 12-well tissue culture plate and treated with
the appropriate agent. On day 3 post-infection, the cover-
slips were washed once in PBS then placed in Bouin’s
fixative (Saturated picric acid 375.0 ml, formalin 125.0 ml,
Glacial acetic acid 25.0 ml) for 10 min. The coverslips
were rinsed with three changes (5 min each) of Giemsa
buffer (sodium phosphate, dibasic 19.10 g, sodium phos-
phate, monobasic 3.90 g, double-distilled water 400 ml and
100 ml of 95% ethanol for a 5 preparation). The
coverslips were then immersed in Giemsa stain (Azur-II-
Eosin 3 g, Azur-II 0.8 g, glycerol 250 g, methanol 250 ml
for 10 preparation) for at least 30 min, rinsed again with
Giemsa buffer, then with water, then placed in acetone for
30 s, acetone-xylene (2:1) for 30 s, acetone-xylene (1:2) for
30 s and finally xylene for 10 min. When the coverslips
were dry, they were mounted on specimen slides in
permount with the cell side facing down for observation
with a Nikon Diaphot 200 microscope using the bright
field.
Immunofluorescence assay
Approximately 7.5  106 cells in 75 cm2 flasks (¨20%
confluent) were inoculated separately with an aliquot of
HeDNV or AeDNV containing 1.3  1011 genomes and,
after 1 h of incubation at 28 -C, the inoculum was
removed, the cells were washed once with 5.0 ml of L-15
medium and replenished with 15.0 ml of fresh medium. On
the third day post-infection, a portion of the cells were
resuspended via rubber policeman, transferred to cover
slips, and fixed with acetone for 5 min. The infected cells
were detected with indirect immunofluorescence using
rabbit antiserum diluted 1:1000 prepared against the
AeDNV particles (a gift from Dr. L. Buchatsky) as the
primary antibody; goat anti-rabbit IgG FITC conjugate
(Sigma) diluted 1:500 was used as the secondary antibody
and Evans blue (1:1000) was used as a counterstain. The
antigen-positive cells were visualized using an epifluor-
escence inverted microscope (Nikon, Diaphot 200). All
digital images were acquired using a CoolSnap camera and
accompanying software.
Fluorogenic caspase assay
We used the fluorogenic substrate PhiPhiLux and
followed Application Note #2: fluorescence microscopy
for adherent cells. Our pilot assays were performed by
seeding C6/36 cells at 20% confluency (in Leibovitz’s L-15
medium supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin solution) into Falcon Multiwell 12
well tissue culture plates (35–3225). After the 20%
confluent cells had been incubated for 1 h at 28 C, dilutions
of AeDNV, HeDNV (2.2  107 genome equivalents ofHeDNV or AeDNV) and cupric sulfate (10 AM final
concentration) were added to their respective wells
(OncoImmunin, Inc. email:info@phiphilux.com). Later, by
switching to the Nunc Lab-Tek II Chamber slide system in
the 8-well configuration (NNI #154526) from falcon 12-
well plates for both Annexin and Caspase assays, we were
able to obtain nearly identical results while conserving the
costly reagents. The treated cells were viewed with a Nikon
Diaphot 200 microscope using Chroma FITC and Texas
Red filters and digitally photographed with a CoolSnap
camera.
Annexin V-FITC assay
We used the BD Biosciences Annexin V-FITC Apoptosis
detection kit II (cat. #6710KK) and followed the manufac-
turer’s protocols. The treated cells were viewed with a
Nikon Diaphot 200 microscope using Chroma FITC and
Texas Red filters and digitally photographed with a Cool-
Snap camera.
Florescence-activated cells sorting (facs) analysis of cell
cycle and apoptosis
C6/36 cells transfected with 20 Ag of pANS1-GFP using
Lipofectin (Invitrogen) were fixed for 20 min at 4 -C in cold
0.5% paraformaldehyde in PBS 72 h after transfection.
Fixed cells were resuspended in 5 Ag/ml propidium iodide
(PI), 0.43 mg/ml Rnase A and analyzed by FACS analysis
(Coulter, EPICS5). PI emission signal was monitored at 488
nm using a 610-nm long pass filter, and GFP emissions
signal was monitored at 488 nm using a 510-nm band pass
filter. One hundred thousand events per sample were
collected, stored and analyzed by the Cicero system
(Cytomation). For DNA analysis, unfixed cells were sorted
into GFP-positive and -negative pools in 15 ml conical
tubes. The cells were counted and 1  105 cells were used
for DNA isolation. Cells were treated with proteinase K 50
Ag/ml, phenol chloroform extracted, ethanol precipitated,
and resuspended in 10 Al Tris EDTA buffer with 1 Ag/Al of
RNAase A. The entire reaction was run on a 1% agarose gel
in TAE buffer at 50 V for 5 h. No sign of DNA laddering
indicating apoptosis could be detected.Acknowledgments
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